rhinosinusitis is a health concern because it has major impacts on patients' quality of life, and more difficult medical treatment when compared to CRS due to other causes. 2 Not all fungal species can be identified in cases of CRS. Several species are suspected to play a role in CRS such as Alternaria, Aspergillus, Candida, Penicillium, and others. the diversity of species associated with fungal infections in the human body is strongly influenced by geographical conditions, but Candida and Aspergillus are the common species found as pathogens and quite often cause fatality. 3 A study conducted by Maharani et al, 4 performed on 29 patients with CRS found Aspergillus flavus in 21 subjects and Candida spp. (C. albicans and C. parapsilosis) in 17 subjects. Both Candida spp., Aspergillus spp. and several other fungal species have β-glucan, a polymer of glucose or polysaccharide on the inside of the cell wall that play a role in leukocyte activation. Induction of immune responses through the activation of dectin-1 by recognizing β-glucan is an important foundation for the response of the adaptive immune system and will lead to the recruitment of large amounts of neutrophils to help eliminate fungi in tissue and will increase neutrophil/ eosinophil ratio (NER). However, this is not always the case, in circumstances where the fungus acts as an antigen there will be t-helper 2 (Th2) inflammatory activation leading to eosinophil cell recruitment (decreased NER). [5] [6] [7] β-glucan levels of bronchoalveolar lavage (BAL) and blood serum are known to increase in 87.5% of patients with Pneumocystis pneumonia. 5 this indicates the role of β-glucan as a diagnostic marker for fungal infection and is expected to reduce invasive procedure, especially when 38-86% of invasive fungal infections reveal negative microscopic and culture tests result, indicating the difficulty of diagnosis. 7 Invasive fungal rhinosinusitis from Aspergillus spp. can be detected by utilizing the antigen of Aspergillus galactomannan and using the enzyme-linked immunosorbent assay (ELISA) technique, which has a sensitivity of 64% and a specificity of 60%. 8 If β-glucan is shown to be applicable as a diagnostic test, it will be advantageous since it covers more fungal species than the Aspergillus galactomannan antigen examination. Histopathologic examination of the number of dominant inflammatory cells (besides fungal morphology) is also needed to help guide the diagnosis. By knowing the dominant inflammatory cell, it can give a rough idea of the underlying pathophysiology of a disease (whether it is allergy or infection). 9 It is useful in helping doctors determine the appropriate treatment for the patient. However, so far, no literature supports this especially those that correlate β-glucan with NER.
β-glucan play roles in the host immune system, particularly as an immunomodulator with its specific receptor, dectin-1. However, due to the incomplete understanding about the pathophysiology of CRS and the lack of β-glucan-related or NER-related studies, especially the possibility of utilization as a marker of CRS, the investigators are interested in further investigation. This research could provide additional knowledge, facilitate the diagnosis and therapy of chronic fungal rhinosinusitis in the future, and provide basic data for further research.
M ET H O D S
We conducted observational analytic research using a cross-sectional approach to determine the correlation between β-glucan and the NER of paranasal sinus mucosa and blood in the diagnosis of chronic fungal rhinosinusitis in Saiful Anwar General Hospital, Malang. the study was approved by the Saiful Anwar General Hospital Ethical Committee and written informed consent was obtained from all patients. Patients did not receive any stipend from the researcher, but all examination fees are borne by the researcher. The research was done between September 2016 and September 2017. Based on the calculation, there are 20 samples. We used the consecutive sampling technique.
Patients with chronic maxillary rhinosinusitis with or without nasal polyps aged ≥ 18 years old during the study, underwent maxillary sinus surgery and had positive PCR results for fungi with β-glucan were included in the study. Patients were excluded if they received antifungal (systemic or topical) treatment for ≥ 4 weeks, or systemic corticosteroids for ≥ 7 days with equivalent doses of 40 mg/day methylprednisolone or topical corticosteroid for ≥ 1 month with equivalent dose of fluticasone propionate 400 µg/day.
As part of a blood test before undergoing maxillary sinus surgery, 5 mL of blood was taken for β-glucan ELISA and neutrophil and eosinophil flow cytometry and stored in two vacutainer tubes with EDtA. The patient then underwent surgery with anterior antrostomy (canine fossa puncture or Caldwell Luc procedure) with general or local anesthesia conducted by the rhinology division of the Otorhinolaryngology Head and Neck Surgery Department at Saiful Anwar General Hospital. A specimen of maxillary sinus mucosa was collected in a sterile container, and during transport, the specimen was stored in a cooling box for PCR, β-glucan ELISA, and neutrophil and eosinophil flow cytometry.
Patients were included if PCR examination revealed fungi with β-glucan, including Aspergillus flavus, Aspergillus fumigatus, Candida albicans, Candida parapsilosis, and Cryptococcus neoformans. PCR examination used the Jena Bioscience® DNA Preparation Kit, Intron Maxime® PCR Premix (master mix), DNA marker, and IDt® DNA primer. PCR, ELISA, and flow cytometry examination were performed. Patients who did not meet the inclusion criteria were excluded from the analysis and were still treated according to the applicable clinical practice guidelines.
the ELISA examination used the Finetest® Human β-glucan ELISA Kit. Levels of β-glucan serum blood and paranasal sinus mucosa examinations < 60 pg/mL were considered negative, intermediate at 60-79 pg/mL, and positive if ≥ 80 pg/mL. The flow cytometry examination used BioLegend® Neutrophil and Eosinophil Kit Flow Cytometry. Levels of eosinophil (blood) were normal when 3-9% of total cells and for paranasal sinus mucosa is 0.3-0.7% of total cells. Levels of neutrophil in blood were normal in the range of 55.8-59.6%, and 1.1-1.7% of total cells for paranasal sinus mucosa. The NER was calculated using the following formula:
Ratio = Neutrophil
Eosonophil the NER threshold value in paranasal sinus mucosa is 2.8, while for blood is 9.6. NER above the limit indicate the presence of neutrophilic inflammation and NER below the limit indicates eosinophilic inflammation.
All data obtained was processed using SPSS Statistics (IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp). The suitability between elevated β-glucan levels of sinus mucosa with blood serum and NER of sinus mucosa with blood serum were analyzed by paired t-test/Wilcoxon (alternative).
The correlation between β-glucan and NER of sinus mucosa and blood were analyzed using the Pearson/ Spearman test (alternative). A statistically significant decrease was considered if p < 0.050.
R E SU LTS
In the period of study, 24 patients with chronic maxillary rhinosinusitis with or without nasal polyp underwent maxillary sinus surgery. After PCR examination, 20 patients with chronic maxillary fungal rhinosinusitis fulfilled the inclusion and exclusion criteria. Only a few samples in this study showed specific characteristics of fungal infection in paranasal sinuses such as a fungal ball [ Figure 1 ]. The diagnosis of fungal rhinosinusitis cannot be establish by the clinical characteristic alone but need additional culture or pathological examination. From five identified species, Aspergillus flavus was the most common species found in this study (n = 14), followed by Aspergillus fumigatus (n = 13), Candida albicans (n = 10), Cryptococcus neoformans (n = 3), and Candida parapsilosis (n = 2). β-glucan as a wall component of several fungal species can be utilized in the diagnosis of chronic fungal rhinosinusitis. In this research, the mean maxillary sinus mucosa β-glucan level was 944.8±981.8 pg/mL, whereas in blood this was 909.6±487.3 pg/mL [table 1 ]. Paired t-tests were performed to determine the suitability between mucosa and blood β-glucan. There was no significant difference between β-glucan mucosal level and blood (p = 0.886), indicating that blood β-glucan level can represent the β-glucan level in the paranasal sinus mucosa. A patient who meets the CRS criteria with positive blood β-glucan can be considered as having chronic fungal rhinosinusitis, although future research is needed. Based on the positive β-glucan positive limit, all subjects crossed the threshold for mucosal specimens, and only one subject with blood-β-glucan levels corresponded to the intermediate limit.
the end-product of dectin-1 stimulation by β-glucan is neutrophil cell recruitment. Flow cytometry was done against blood specimens and maxillary sinus mucosa. The mean neutrophil count (%) in mucosa was 4.3±2.4%, and eosinophil count (%) was 4.0±2.9%. The mean neutrophil count in blood was 50.9±11.8%, and eosinophil count was 4.4±2.0%. Based on these data we then performed calculations to determine the NER and establish the dominant inflammatory response. the most common inflammatory response in the maxillary sinus mucosa was eosinophilic inflammation (n = 17) whereas in blood it was neutrophilic inflammation (n = 12). Paired t-tests were performed to determine the suitability between mucosa and blood NER. There was a significant difference between mucosal NER with blood (p < 0.001) indicating that the inflammatory response of blood did not represent the inflammatory response in paranasal sinus mucosa [ 
D I S C U S S I O N
CRS is a high prevalence disease. There are several guidelines to help establish the diagnosis, one of which is European Position Paper on Rhinosinusitis and Nasal Polyps. these guidelines combine subjective complaints with clinical findings from both physical and laboratory examination. 1,2 If patients with CRS there treated according to the algorithm showed no improvement, it should be suspected that the cause is a fungal infection but an invasive procedure is required to prove the diagnosis. Other alternative examinations are often insensitive or expensive. A simpler examination, such as IgE Aspergillus, is still difficult to apply in Indonesia and some regions in the world due to the lack of facilities. It is therefore necessary to have a new modality that is cheaper and easier to perform but minimally invasive, especially with the increasing incidence of fungal infections (including fungal rhinosinusitis) in the last three decades. 1, 5 Fungal spores are small and easily carried by the wind, therefore, it can be found anywhere and inhaled by humans resulting in colonization of the nasal and paranasal sinuses mucosa. Not all fungal species cause CRS because the fungus is opportunistic. Some species that cause abnormalities in humans have cell walls composed by β-glucan. the most widely reported species were Aspergillus fumigatus, Aspergillus flavus, and Candida albicans. 7, 10 In this study, Aspergillus flavus was the most common species, found in 70.0% of subjects. The differences of most common species found between this study and the literature (mostly from India) can be caused by different geographical factors, humidity, and climate. Indonesia has a tropical climate with high humidity, when compared to India, which has a tropical and subtropical climate with low humidity. In this study, direct sampling of the maxillary sinus was obtained through anterior antrostomy to avoid contamination of the nasal cavity, and the sample was stored in a sterile container. Fungal identification is an important but difficult process because of the limitations of available examination. Although expensive and difficult to do, PCR has the highest sensitivity and specificity compared to other tests used to identify fungi. 11, 12 together with chitin, β-glucan provides strength and a framework for some fungal species and constitutes 60.0% of the fungal cell wall components, comprising 40.0% β-1,3-glucan and 20.0% β-1,6glucan. Glucan is located at position 1,3 and 1,6 on the glucose chain and can distinguish glucan belonging to fungi with the property of wheat or similar crops, where β-glucan can be found in 1,3 and 1,4 [ Figure 2 ]. In this research, we used a specific fungal β-glucan reagent with 1,3 and 1,6 glucose branch to prevent the influence of other substances that may raise blood β-glucan level and confused the results. β-glucan is a target for the immune response, but it does not always appear in all parts of the fungus. β-glucan will be expressed primarily on conidia (an infected asexual fungal spore), and before it is expressed, β-glucan will hide on the deep fungal cell wall and be difficult to recognize by the host immune system. In this study, there was no significant difference between β-glucan mean values on paranasal sinus mucosa and blood serum. This suggests that β-glucan may be used as a marker of fungal infection in the paranasal sinus mucosa, but further research is needed for diagnostic testing by comparing outcomes with healthy people or those with CRS due to other causes. 5, 6, 13, 14 to date, there have been no other studies related to levels of β-glucan on the paranasal sinus mucosa. A similar study obtained β-glucan levels from BAL and blood samples of Pneumocystis pneumonia patients with a median value of 500 pg/mL (BAL) and 406 pg/mL (blood). 5 The results were higher than in the control group, which obtained a median value of 50 pg/mL (BAL) and 42 pg/mL (blood). All subjects passed the positive β-glucan threshold, except for one who had an intermediate value on blood specimens. These values have now been used by the United States Food and Drug Agency as the limit value for the diagnosis of fungal infections. It is also currently being investigated for the possibility of evaluating β-glucan levels for decision making to give antifungal treatment in suspected cases of fungemia with unknown location of infection. [15] [16] [17] [18] Stimulation of the immune system by β-glucan has occurred since the introduction of β-glucan by dectin-1, which is a specific β-glucan receptor. The presence of fungi in the paranasal sinus mucosa can damage the unity of mechanical barriers with the release of proteolytic enzymes. The body will try to eliminate pathogens by deploying various immune system effectors to the site of infection. The response of the human immune system to eliminate β-glucan is by enzyme production, is a nonspecific process, although the β-glucan introduction process involves a specific receptor. The human body's attempt to exclude β-glucan is by the oxidative degradation process of active oxygen and nitric ions produced by macrophage or leukocyte cells, but the details of the process are still not fully understood. The process runs slowly and is considered ineffective in removing the fungus, which causes the fungus component to be identified within the body for long periods of time. Monitoring β-glucan levels can be used to assess the efficacy of fungal infection therapy with regular monitoring. If antifungal treatment is successful, there should be a decrease in β-glucan levels. In addition, although β-glucan is the largest component of fungal cell walls, its inner location is sometimes unrecognizable by the host immune system. These conditions allow the fungus to colonize and penetrate the vascular endothelium where it is carried away by the systemic bloodstream without activating the immune system. In these circumstances, the fungi component including β-glucan can be found in the blood circulation, and it can be used as a marker of fungal infections, especially invasive fungal infections. 3, [19] [20] [21] the use of β-glucan as a marker of fungal infections has been presented in some literature, but the study has not been done for cases of fungal rhinosinusitis. Pazos et al, 22 obtained a sensitivity of 88%, specificity of 90%, positive predictive value of 70%, and negative predictive value of 96% for β-glucan as a marker of fungal infection. A similar study using galactomannan antigen as a marker of fungal infections with ELISA examination found a sensitivity of 64% and a specificity of 60%. 8 The weakness of the galactomannan ELISA examination is that it can only detect infections caused by Aspergillus spp. when compared with β-glucan, which covers more fungal species. Ongoing research using the combination of β-glucan examination with galactomannan is expected to provide better diagnostic capability covering more fungal species. Both examinations are also being developed to assess the success of antifungal treatment by evaluating β-glucan levels at the start and during the course of treatment. 18, 21, 23 Exposure of the fungus to the paranasal sinus mucosa will further stimulate the host immune system causing t-cell polarization. When dectin-1 is activated, there will be naive t-cell polarization to Th1 or Th17, while if the fungus infiltrates the host body as an antigen, then naive t-cells will differentiate to Th2 cells. 1 No research has been done to evaluate the prevalence of dominant inflammatory cells in people with fungal rhinosinusitis, especially in Indonesia, but allergic fungal rhinosinusitis as the most common form of fungal rhinosinusitis has a dominance of eosinophil cells. 2, 24 Differences in stimulants may cause different inflammatory responses even if they are caused by the same pathogens, in which case the fungus may stimulate the immune system as microorganisms or, as in this study, the fungus tends to act as an antigen. In this study, there was a significant difference between NER on paranasal sinus mucosa and blood. This suggests that NER cannot be used as a supporting marker for β-glucan in the diagnosis of fungal infection, especially because there is no correlation between β-glucan and NER.
the difference in the type of inflammation between mucosa (eosinophilic) and blood (neutrophilic) may be due to the process of in situ hematopoiesis in which inflammatory progenitor cells differentiate (or become active) once they infiltrate the site of infection. Assessment of inflammation that occurs should not only focus on effector cells, but also proinflammatory cytokines because although there is no correlation between paranasal sinus mucosa inflammatory cells and blood cytokines involved such as interleukin (IL)-5 or gamma interferon (IFN-g), which can increase both in tissue and in blood, still need to be evaluated. 25, 26 Neutrophils are the largest leukocyte component in the human body and are the first line of defense against fungi. The inflammatory responses in the case of fungal rhinosinusitis are initiated by the interaction between pathogens and the immune system, either by antigen presenting cells or neutrophils. the introduction of these pathogens will then stimulate the production of proinflammatory cytokines and cause t-cell differentiation to Th1/Th17 or Th2. With the activation of dectin-1, there will be an increase in inflammatory cell recruitment, which can be seen with an increase in the number of neutrophils (and an increase of the NER) and the amount of dectin-1 expressed on the surface of neutrophil cells at the site of infection. In this condition, the physician may need to consider antifungal treatment as an adjuvant of surgical treatment. The decrease of circulatory neutrophil cells can be attributed to inadequate production due to insufficient stimulants to stimulate the production of neutrophils. [27] [28] [29] [30] Many studies, including this study, indicate that fungal infections are more related to eosinophilic inflammation, especially in cases of fungal rhinosinusitis with nasal polyps. th2 cytokines such as IL-5, IL-13, and regulated on activation normal t-cell expressed and secreted (RANtES) stimulate the production, survival, and recruitment of eosinophils to the site of inflammation. the white blood cell component is produced in the bone marrow and circulates in the blood with the stimulation of proinflammatory cytokines, which are recruited to the site of inflammation. the inflammatory response is a systemic inflammatory reaction that works locally and is characterized by an increase in the number of effector cells in tissue that are not always accompanied by an increase in effector cells in the blood circulation, especially in chronic conditions. This can be seen by evaluating eosinophil cationic proteins, an eosinophil activity marker that increases in the tissues, but not in the blood. 25, 28, [31] [32] [33] β-glucan is the largest constituent of the cell wall of the fungus, but it does not mean the human immune system can easily recognize it. β-glucan fungi consist of two chains, namely 1,3 and 1,6. the 1,3 chain has a greater proportion than 1,6, but the 1,6 chain bond is stronger and effective in stimulating neutrophils to induce phagocytosis and reactive oxygen species production. 33 However, neutrophil stimulation would not occur if it did not activate dectin-1. The role of dectin-1 as a bridge in the protective immune system against fungal infection is further emphasized in this study, where the presence of β-glucan in large quantities alone is not sufficient without the introduction of dectin-1 to cause adequate neutrophil recruitment. 6, 34 there are several mechanisms for the fungus to escape the immune system, including shielding of proinflammatory pathogen-associated molecular patterns, modulation of the inflammatory response (as opposed to protection response), releasing the bait to outwit the immune system, avoid phagocytosis response, persistent confrontation, and avoiding the complement system. 19, 35, 36 Previous studies have not specifically shown a correlation between β-glucan levels and changes in the NER, but focus on the response of one effector cell, so there is no comparative data between the results of this study and other studies. Several fungal species, including Aspergillus spp. and Candida spp. stimulate the production of IL-5, IL-13, and RANtES, which are Th2 cytokines. In these circumstances, the fungus acts as an antigen and carries superoxide dismutase that creates an environment rich in Th2 cytokines. This study shows that changes in the NER toward neutrophil dominance requires not only β-glucan in large quantities, but its effects in stimulating dectin-1. 37 Unfortunately, our study results indicate a diagnosis of fungal infections acquired with β-glucan as a marker, cannot be sharpened by knowing the underlying pathophysiology, whether infection or allergies, because there is no correlation between blood and mucosal NER. Diagnosis can only be achieved by blood tests, and still need an invasive procedure to determine appropriate treatment. It is known that rhinosinusitis can be caused by fungal infection requiring surgery without waiting for maximum medical treatment, but adjuvant steroid or antifungal treatment must await surgical findings.
C O N C LU S I O N
The presence of β-glucan in the blood can be used as a marker of chronic fungal rhinosinusitis by keeping in mind the presence of symptoms and physical finding that match with diagnosis criteria of CRS. However, differential diagnosis of allergies and infections cannot be excluded by examination of blood NER. Still, it is hoped that with this research the process of diagnosing chronic fungal rhinosinusitis can be obtained quickly and precisely without the need for an invasive procedure so that appropriate treatment can be immediately provided. Further research is needed for diagnostic test and proof of β-glucan linkage with the pathophysiology of fungal rhinosinusitis.
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